Polyaniline was synthesized by using ammonium persulfate initiator in the presence of 1M HCI. It was dried under different drying conditions like room temper ature drying (for 48 h), oven drying (at 50-60°C for 8 h under a vacuum), and vacuum drying (at room temperature for 16 h). The conductivities of these samples were measured at microwave frequencies. These samples were also pelletized and the measurements were repeated. The cavity perturbation technique was used for the study.
INTRODUCTION
Conducting polymers have been proved to be ex cellent replacements for metals and semiconduc tors in electrochemical applications, notably for the energy storage process, corrosion protection, electrochromic devices, electrochemical sensors, and so forth and above all as a strong electromag netic imaging material." These uses have re cently attracted significant attention from all branches of polymer research with a growing in terdisciplinary trend. Electrically conducting polymers differ from inorganic crystalline semi conductors in two ways: they arelmolecular in character and lack long-range orders. With a large variety of conducting polymers, polyaniline (PAN) is a relatively stable, electrically conduct ing polymer resulting from the oxidative polymer ization of aniline, which is easy to prepare. Also, the environmental stability of PAN appears to be extremely good compared to a number of other conducting polymers. For this reason it is one of the most potentially useful conducting polymers.
Recently, La Croix and Diaza proposed that the thermal decomposition of the material occurs in two stages, although the thermal stability of PAN has been reported up to 400°C. Two studies" subsequently reported a three-step decomposition process for the HCI protonated conducting form: the initial loss is due to volatilization of water molecules, the second loss is related to loss of dopant moiety, and the third loss is related to degradation of the polymer backbone due to pro duction of gases such as acetylene and ammonia. The experimental setup consists of a HP8510 vector network analyzer, a sweep oscillator, a S parameter test set, and a rectangular cavity res onator. The resonant frequency and quality (Q) factor of the cavity resonator with and without the samples in the cavity were measured and the dielectric parameters were evaluated. All the measurements were done in S band (2-4 GHz) at 25°C. The PAN samples were pelletized and the microwave conductivity of these samples was also measured using the same technique. In the mi crowave studies the conductivity (0) where so is the permittivity of free space or a vacuum, 4;'; is the imaginary part of the complex permittivity, and s'; = Vc/4V, (1/Q, -1/Q,) where Vc is the volume of the cavity, Vs is the volume of the sample, Q8 is the quality factor of the cavity loaded with the sample, and Q, is the quality factor of the cavity with the empty sample holder. 7.06 Tables I and II show the conductivity values for PAN powder and pellet samples, respectively, un der different drying conditions. The dielectric loss in all cases is found to increase with an increase in frequency.
RESULTS AND DISCUSSION
Protonation in PAN leads to the formation of a radical cation by an internal redox reaction, which causes reorganization of the electronic structure to give semiquinone radical cations. The degree of protonation and the electronic conduc tivity thus become a function of the dopant con centration.
Structure of Conducting Polyaniline
At low frequencies the dipoles synchronized their orientation with the field. However, as the frequency increases, the inertia of the molecule and the binding forces become dominant and it is the basis for dielectric heating or dielectric loss. Figures 1 and 2 show that the conductivity in creases with the frequency in all cases, and it may 6.00 . be due to the increase in the dielectric loss with the increase in frequency.
Tables I and II also show that the microwave conductivity of the room temperature dried pow der form of PAN is greater compared to a vacuum dried sample, which is superior to the oven dried sample. Similarly, when the powder sample is converted to a pellet by applying pressure, the conductivity is reduced, irrespective of the drying conditions. It is evident from the experiment that there is a loss of dopant molecules under a vacuum and during high temperature drying, which will re duce the dielectric loss, which in turn reduces the conductivity. This is confirmed by the IR spectra of the various samples. Figures 3-5 show the IR spectra of powder samples that were room tem perature dried, vacuum dried, and oven dried, respectively. In the IR spectra of the room tem perature dried sample the principal absorption at 1150 cm" indicates the presence of The absorptions at 1325, 1275, 1150, and 1050 cm '1 shift to 1297, 1250, 1109.56, and 890 cm", respectively, shifted to 1293.94, 1241.8, 1102.57, and 862 cm'1, respectively, in the oven dried sample. The low frequency shifts can be attributed to the deproto nation of the PAN salt. 7 The same reason applies to the reduced con ductivity of the pellet samples. The pellets are made by -applying pressure, which may cause the loss of dopant molecules. Figure 6 shows the IR spectra of the room temperature dried pellet sam ple. In the IR spectra of the pellet sample the absorption peaks are shifted to 1315, 1160, 1075, and 1025 cm_1, respectively, from that of the powder sample.
CONCLUSION
The microwave conductivity of PAN is found to be related to the dopant concentration. The conduc tivity is decreased when the amount of dopant molecules is decreased. The conductivity is found to increase with the increase in frequency. The drying condition is found to affect the dopant con centration in PAN.
